The force required to initiate cracks in dental amalgam beams was measured and related to the microstructure. The force measured was dependent on age and on the distribution of phases on the tension side of the beam. The Ag-Cu phase is most resistant to failure in Dispersalloy and an experimental alloy.
through the grain boundaries of the y, phase, then around the y phase, and then through the y phase. However, they did not study the magnitude of force needed to initiate and propagate a crack.
The study reported here was undertaken not only to determine the force needed to initiate and propagate a crack in dental amalgam but also to study the initiation and propagation of cracks in Dispersalloy and spherical amalgam alloys.
Materials and Methods
Three commercial dental amalgam alloys and one experimental alloy were triturated in mechanical amalgamators. Alloy-mercury ratios and trituration times used are shown in Table 1 .
The triturated amalgam was packed with a 1-mm diameter plugger in a three-piece steel die with the dimensions of 0.06 X 0.06 X 1.06 inches.' The amalgam beam was allowed to set for 15 minutes before being removed. A total of ten beams were prepared from each alloy. Five beams were tested after two days and the remainder after four months. All the specimens were kept in an incubator at 37 C for the aforementioned periods. After the assigned period, amalgam beams were embedded in a cold- (Fig 1) The strain gauges were connected to a strain gauge amplifier. The strain gauges were then calibrated using a testing machine.e Detailed specimen preparation and testing procedure are given elsewhere. 3 Specimens were then studied microscopically. The t Statistically significant at the 95% confidence level using the one-way analysis of variance. SD in parentheses; N = 5 in all cases.
for making comparisons among the means. 4 Photomicrographs were taken with the scanning electron microscope.f
Results
The force data obtained for two-day and four-month specimens are summarized in Table 2 . Values for Optaloyg and Spher-ACaph both for two-day-and four-month-old specimens were different statistically as determined by two-way analysis of variance. A difference between means of 2.0 kg as calculated by the Scheffe method was needed to show a statistically significant effect. Values for Dispersalloy and the experimental alloy (two-day-old specimens) were statistically different as determined by one-way analysis of variance at the 95% confidence level. The values for Dispersalloy and the experimental alloy (four-month-old specimens) were not compared because of the differences in beam widths.
The phases through which the crack was initiated and propagated together with the possible choices among the phases on the tension side of the beam are summarized and presented as frequency data in Table 3 of the amalgam. Since the strength and modulus of elasticity of Dispersalloy and the experimental alloy change with time, the width of the beam required to initiate a stable crack is also time dependent. The increase in mechanical properties of these two alloys is because of elimination of the Y2 phase. [5] [6] [7] The force data show that the Optaloy and Spher-A-Cap beams need more force to initiate a crack as the beam ages and suggest that either the strength of the amalgam is improved with time or the elastic modulus of the amalgam changes with time, either of which may have been caused by some changes in the microstructure of the amalgam. Differences in the microstructure between the two-day-and four-month-old specimens were phase; 'y1, Ag-Hg phase; y2, Sn-Hg phase; v, not obvious from the photomicrographs. These microstructural changes might be manifested as a decrease in the weaker phase.
Crack initiation in Optaloy and Spher-ACap differed greatly depending on the phases present on the tension side of the amalgam beam. From Table 3 , it was observed that in every instance where the three phases (y, On Spher-A-Cap also crack bypassed y particle near initiation of crack but later went through it.
Spher-A-Cap is shown in Figure 2 . In some samples, two cracks initiated, one in the 7y phase and the otlher in the 72 plhase. The crack that was initiated in the Y2 plhase was stopped from further propagation wlhen it encountered a y particle. TIlis suggests that y particle is a strong plhase and that althouglh the 72 phase is weaker than the -y plhase, this difference in strength between them may not be great.
In Dispersalloy and the experimental alloy there are two unreacted particles, Ag-Sn particles and Ag-Cu particles. A Sn-Cu pllase (also known as the reaction ring) formed around the Ag-Cu particle. The matrix consisted of the Ag-Hg phiase (7y) and some microporosities. The same phases were observed in the experimental alloy. Th-e main difference between their microstructutres was that Ag-Sni particles in the experimental alloy were splherical in shape (Fig 3) .
In Dispersalloy and the experimental alloy, the crack initiated in the Ag-Hg phase in all of the samples except one where the crack initiated throuiglh the Ag-Sn plhase because this was the only clhoice. This suggests tlhat the Ag-Cu phase is more resistant to failure than the Ag-Sn phase. As The unreacted Ag-Sn phase is the most resistant to failure in Optaloy and Spher-ACap.
The Ag-Cu phase is the most resistant to failure in Dispersalloy and the experimental alloy.
The amount of force necessary to initiate a crack in all the dental amalgam alloys studied was dependent on the age of the amalgam.
